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Abstract 
The aim of this study is to determine student teachers’ understandings of nanotechnology. The study was conducted as a case 
study method. The participant of the study comprised 85 candidate physics (33), chemistry (16) and biology (36) teachers in the 
Faculty of Education at a university in Black Sea Region in Turkey. To reach the aim of the study, an achievement test with some 
open ended questions was formed. The answers from the student teachers were analysed using the content analysis method. The 
data analysis revealed that majority of the questions were responded as ‘I don’t know’ by the student teachers. It was also 
determined that the student teachers did not scientifically conceptualize “nanotechnology” as expected, and they did not give 
scientifically accepted examples of nanotechnology. In the light of the findings, the study was highlighted that the student 
teachers had non-scientific understandings for the nanotechnology. As a consequence of this study, it is thought that the results of 
this study will be helpful to curriculum developers, researchers and teachers. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Organizing Committee of WCES 2014. 
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1. Introduction 
The era which incredible developments are experienced in science and technology, and the competition increases 
with each passing day of this so called the information age. A great innovation of this era is experienced in the field 
of nanotechnology. Nanotechnology is an interdisciplinary study field that offers to produce faster, lighter, more 
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durable and economical products by adding new atoms and molecules to existing molecules (Simonis & 
Schilthuizen, 2006; Ozel & Ozel, 2008; Cıracı, 2012). Recently, the need to train individuals who are interested in 
nanotechnology has emerged in order to compensate the shortage of qualified staff in this field. The reflections on 
this situation show themselves in a wide range of methods which are more predominantly in the direction from 
popular methods such as TV and Internet to scientific methods such as schools and universities. According to Kulik 
and Fidelus (2007), the education given in schools and universities whose scientific aspect is more qualified is more 
suitable for understanding the phenomenon of nano-world. In this sense, nanotechnology issues in undergraduate 
and graduate levels are given place in the world (Ozel & Ozel, 2008). Similarly, it is seen that nanotechnology in 
undergraduate and graduate levels are started to be given importance in the last few years in Turkey (URL 1; URL 2; 
MEB, 2011a). In addition, student gains related to nanotechnology are included within the scope of the new 
secondary programs in Turkey (MEB, 2011b, 2011c). Given this situation, physics, chemistry and biology student 
teachers' understandings of nanotechnology is important. The purpose of this study is to determine physics, 
chemistry and biology student teachers’ understandings of nanotechnology. 
2.  Method 
This case study was conducted with physics, chemistry and biology teacher candidates in faculty of education in a 
university in the eastern Black Sea. Case study allows you to make detailed descriptions about the situation 
examined (Buyukozturk et al., 2008; Yıldırım & Simsek, 2006; Yin, 2003). The study group includes 85 student 
teachers (33 physics student teachers, 16 chemistry student teachers, 36 biology student teachers). Student teachers 
did not receive any course related to nanotechnology throughout undergraduate programme. Data were collected 
through a test consisting of four open-ended questions. Content analyses were used to analyse the data obtained. 
3. Findings 
The findings of the study were presented under the headings of  “Understanding Nanotechnology, Study Fields of 
Nanotechnology and Sampling Nanotechnology Products 
3.1. Understanding Nanotechnology 
Findings obtained from analyses performed by the definition of student teachers in nanotechnology were 
presented in Table 1. 
 
Table 1: Codes obtained from the participants' understandings of nanotechnology 
Codes Physics Chemistry Biology  Total f % f % f % f % 
Technology at molecular size 4 12 5 31 14 39 23 27 
Technology at the nano scale 11 33 1 6 6 17 18 21 
Material reduction 5 15 - - 4 11 9 11 
Exposure from nature - - - - 7 19 7 8 
Lack of information 14 42 10 63 13 36 37 44 
 
Student teachers' understandings of nanotechnology combine with four cases as it can be seen in Table 1. These 
were “technology at molecular size, technology at the nano scale, material reduction and exposure from nature”. 
When assessment was made on the basis of sectors, for nanotechnology physics student teachers have the perception 
of 'nano-sized technology' mostly and biology and chemistry student teachers have the perception of 'molecular scale 
technology' mostly. Nearly half of physics and biology student teachers and more than half of chemistry student 
teachers did not answer about what nanotechnology is. The following excerpts illustrate the participants’ perceptions 
of nanotechnology; "Re-structuring of substances at the molecular level" (as coded 'Technology at Molecular Size'), 
"The use of materials in areas such as health and industry by converting to very small units" (as coded 'Material 
Reduction'), "attributing desired features to the products in need studying at nano scale" (as coded 'Technology at the 
Nano Scale'). 
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3.2. Study Fields of Nanotechnology 
Findings obtained from the participants’ responses on study fields of nanotechnology were presented in Table 2. 
 
Table2: Codes obtained from the participants' responses related to the study fields of nanotechnology*  
Study Areas of Nanotechnology Physics Chemistry Biology Total f % f % f % f % 
Medicine 17 52 6 38 11 31 34 40 
Textile 11 33 7 44 15 42 33 39 
Chemistry 8 24 1 6 14 39 23 27 
Electrical and electronic 9 27 2 12 4 11 15 18 
Biology 3 9 2 12 8 22 13 15 
Arms industry 7 21 - - 4 11 11 13 
Physics 2 6 - - 3 8 5 6 
Food 1 3 - - 3 8 4 5 
Space sciences - - 1 6 - - 1 1 
Construction - - 1 6 - - 1 1 
Lack  7 21 9 56 13 36 29 34 
* It is observed that more than one designated area was indicated in responses and all of them are given in the encoding. 
 
Table 2 shows that medical and textile fields are seen as areas of nanotechnology with high percentages 
comparing other mentioned fields. In addition; according to some participants, nanotechnology engages in work 
areas such as chemical, electrical and electronics, biology, arms industry, physics, food, space science respectively. 
Approximately one third of student teachers had left the question related to working fields of nanotechnology 
unanswered. When assessment is made in terms of branches, work area of nanotechnology is expressed mostly as 
'medicine' by physics group, and it is "textile" for chemistry and biology student teachers. Other work areas for 
teachers of physics highlighted are textile, electrical and electronics, chemicals and weapons industry. Medicine is 
highlighted work area for chemistry student teachers; on the other hand, medicine and chemistry are highlighted 
work areas for biology student teachers. It is notable among the findings that physics, chemistry and biology student 
teachers do not state their branches in work areas of nanotechnology. 
3.3. Sampling Nanotechnology Products 
Findings obtained from the participants’ responses on giving an example of nanotechnology products were 
presented in Table 3. According to Table 3, nearly half of the participants have expressed clothing as an example of 
nanotechnology products. About a third of student teachers had left unanswered the question asked about giving 
examples of nanotechnology. When evaluation is made on the basis of branches, physics student teachers are 
concentrated on cell phone/computer and clothing, chemistry student teachers are concentrated on clothing and 
furniture, biology student teachers are concentrated on clothing and paint samples. Another occasion indicated in 
Table 3, it is determined that student teachers did not give examples to products of nanotechnology related to their 
branches. In addition, within the scope of study, opinions of the participants about the function of any nano-product 
were taken. However, it is determined that only 4 students gave acceptable answer and the others did not provide any 
answer to this question. 
Table3: Codes obtained from the participants' responses related to examples of nanotechnology products  
Examples of nano products Physics Chemistry Biology Total f % f % f % f % 
Clothing 10 30 6 38 17 47 33 39 
Paint 5 15 1 6 10 28 16 19 
Cleaning materials 5 15 1 6 7 19 13 15 
Chip 2 6 1 6 4 11 7 8 
Mobile phone / computer 7 21 - - 3 8 10 12 
Drug 2 6 - - 1 3 3 4 
Bug 1 3 - - 1 3 2 2 
Furniture 2 6 3 19 - - 5 6 
Lcd tv 3 9 - - - - 3 4 
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Fiber optic cable 3 9 - - - - 3 4 
Weapon 3 9 - - - - 3 4 
X-ray /MR 2 6 - - - - 2 2 
Clock 1 3 - - - - 1 1 
Microscope 1 3 - - - - 1 1 
Glass - - 1 6 - - 1 1 
Cream - - - - 2 6 2 2 
Lens - - - - 1 3 1 1 
Micro syringes - - - - 1 3 1 1 
Toothpaste - - - - 1 3 1 1 
Unanswered 7 21 9 56 8 22 24 28 
 
4. Discussion and Conclusion 
The purpose of this study, as mentioned above, was to identify physics, chemistry and biology student teachers' 
understandings of nanotechnology in a general framework. According to the findings, it can be said that physics, 
chemistry and biology student teachers don't have sound understandings of nanotechnology, fields of 
nanotechnology, nanotechnology products, and issues on explaining the function of nanotechnology in examples. 
According to the findings, biology, and chemistry student teachers' understandings can be considered to be more 
homogeneous than physics student teachers' understandings. According to Table 1, it can be expressed that student 
teachers' understandings in which scale nanotechnology works is not enough. In this sense, student teachers mix 
molecular and nano dimensions. One other situation is that they have reduced nanotechnology to 'material reduction.  
Recent studies show that nano-science combine electronics, chemistry, physics, materials science, aerospace and 
health sciences at a common point (European Nanotechnology Gateway, 2005). Starting from this point, it is 
expected from student teachers to perceive nanotechnology as interdisciplinary. However, when Table 2 is 
examined, it can be seen that the participants didn't develop such understandings, instead of this, it is obvious that 
they have reduced nanotechnology to certain areas (such as medical science, textile or chemistry). Moreover it is 
remarkable that teacher candidates do not think work areas of nanotechnology on the basis of their branches. The 
reason for this may be that content related to nanotechnology wasn't presented to teacher candidates in the process of 
their education. This result is consistent with assessments made for the location of nanotechnology in education (see, 
Özel & Özel, 2008). When Table 3 is examined, it is remarkable that teacher candidates are directed to certain areas 
in the subjects of giving examples to nano-technological products. The reason of this situation can be explained with 
the information that teacher candidates acquired from popular methods like TV and Internet (Kulik & Fidelus, 
2007). In summary, it is determined that the physics, chemistry and biology student teacher didn't develop sufficient 
acquisitions about nanotechnology. It is recommended that teachers and programmers should receive preventive 
measures about the shortcomings revealed in this study. In this sense reviewing course contents urgently is also 
recommended. 
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